Studies have shown that resistance exercise reduces 24-hour blood pressure to levels below resting values, although this is not a universal finding. The number of repetitions has been shown to influence this response. Thus, the aim of the study was to analyze the effects of resistance exercise performed until failure (UF) on 24-hour blood pressure in hypertensive women. Thirteen hypertensive women underwent three experimental sessions in random order: UF, resistance exercise with repetitions before concentric failure (BF) and control (C). Prior to and up to 24 hours after the sessions, cardiovascular variables, as well as the nocturnal fall in blood pressure, the morning surge, and the presence or absence of a blood pressure dip pattern were established using an ambulatory blood pressure monitor. In both wakefulness and sleep there was no significant difference among the three groups. However, after UF and C fewer patients presented a dip in blood pressure (46% and 38%, respectively) compared BF (77%), p=0.047. In conclusion, the UF attenuated blood pressure dips at night in hypertensive patients. Key words: blood pressure, hypertension, muscle failure, resistance exercise.
INTRODUCTION
Hypertension affects 30-45% of adults around the world (Mancia et al., 2013) and is an important cardiovascular risk factor (Cornelissen, Fagard, Coeckelberghs, & Vanhees, 2011; Cornelissen & Smart, 2013; Mancia et al., 2013 ) directly related to cardiovascular morbidity and mortality (Cornelissen et al., 2011) . Lifestyle changes are the first line of therapy for hypertensive patients and exercise programs have been widely encouraged (Mancia et al., 2013) .
Resistance exercise has been recommended as part of the therapeutic approach in patients with hypertension (Pescatello et al., 2004) . Studies have shown that resistance exercise reduces blood pressure (BP) to levels below resting values (Melo, Alencar Filho, Tinucci, Mion, & Forjaz, 2006; Mota et al., 2009) , although this is not a universal finding (Focht & Koltyn, 1999; Roltsch, Mendez, Wilund, & Hagberg, 2001 ). The different resistance exercise protocols used by various studies may explain these controversial findings, since variables such as exercised muscle mass and number of repetitions have been shown to influence post-exercise BP responses (Mediano, Paravidino, Simão, Pontes, & Polito, 2005; Polito & Farinatti, 2009 ). However, whether other resistance training variables influence cardiovascular parameters after resistance exercise remains unclear.
The Brazilian Guidelines on Hypertension (2010) recommend that hypertensive patients should avoid resistance exercise with repetitions until concentric failure (UF) in order to curb increases in BP during exercise. However a study observed that in normotensive adult women, UF resulted in a drop in BP on awakening, suggesting that this prescription may carry postexercise cardiovascular benefits for adult women (De Souza et al., 2013) . However, given that hypertension, in combination with the use of anti-hypertensive medication, affects postexercise BP responses (Hermida, Ayala, Mojón, & Fernández, 2010) , it still unclear whether similar responses are to be found in hypertensive women.
The aim of this study was thus to analyze the effect of UF on 24-hour cardiovascular parameters in hypertensive women.
METHODS

Subjects
Hypertensive women were recruited from universities and local communities. Patients with hypertension were included if they: (a) had a medical diagnosis of hypertension; (b) were aged > 30 years; (c) were women; (d) were not smokers, obese (body mass index < 30.0 kg/m2) or diabetic (d) were free of coronary artery disease or arrhythmias, and; (e) were not using antihypertensive medications that affect heart rate (β-blockers and non-dihydropyridine calcium channel blockers).
Screening included body mass and height measurements to identify obesity and a maximal exercise test on a treadmill using the Bruce protocol (Eston & Reilly, 2013) to identify coronary heart disease or severe arrhythmias. A medical history and a list of current medication were also obtained in order to identify diabetes and other cardiovascular diseases. Thirteen patients met the inclusion criteria. None of them were athletes or involved in systematic sports training. Before enrollment in the study, all patients provided written consent. The procedures used in this study were approved by the Institutional Review Board of the University.
Procedures
The study comprised eight sessions of adaptation to the resistance exercises, two sessions of 8-12RM to determine the loads for experimental sessions, and three experimental sessions. In the case of the experimental sessions, cardiovascular parameters were obtained prior to and up to 24 hours after the intervention.
Adaptation sessions
Patients underwent eight adaptation sessions for familiarization with the rating of perceived scales and with the cadence of resistance exercise using the metronome. These sessions were performed twice a week and also aimed to help patients improve their muscle fitness to be capable to complete the entire session of UF. The adaptation sessions consisted of nine exercises -150 | MA Correia, AHRA Lima, CG Cardoso-Junior, AJM Rodrigues-da-Silva, JG Oliveira, BR Cavalcante, BCC Souza, EM Macedo-Junior, DC Sobral-Filho, RM Ritti-Dias lat pulldown, knee extension, bench press, knee flexion, seated row, hip adduction, triceps pulley, unilateral hip flexion and biceps curl -each performed in one set of 10 repetitions with an intensity between 5 and 7 on the OMNI Resistance Exercise Scale (Gearhart, Lagally, Riechman, Andrews, & Robertson, 2009; Robertson et al., 2003) . All exercises were performed at a cadence of 1 sec/1 sec for concentric and eccentric activities, as measured using a metronome.
The instructions for rating perceived exertion defined perceived exertion as the subjective intensity of effort, strain, discomfort, and/or fatigue experienced during the resistance exercise in the active muscle. The instructions also explained the nature and use of the OMNI scale differentiated ratings as well as how to use the low and high numerical categories as scale anchor points (Gearhart et al., 2001 ). The scale anchoring procedure provided the patient with an understanding of the range of sensations that correspond to the low and high rating categories. The OMNI-RES scale ranged from 0 to 10, where 0 represents maximal rest (i.e., a seated position) and 10 represents perception above a point that patients could report during the resistance exercise.
8-12 RM evaluation
Two days after the last adaptation session, maximal dynamic strength was evaluated using the 8-12 repetition maximal (RM) test for the nine exercises previously described. After a warm-up set (10 repetitions) with approximately 50% of the load used in the first attempt, patients had two attempts to identify the 8-12RM load. In the first attempt, two researchers subjectively determined the load that would be used. In the second attempt, the load was defined based on the performance in the previous attempt. If the patient was able to complete more than 12 repetitions in the first attempt, the load in the second attempt was increased. If the patient was not able to complete eight repetitions, the load for the next attempt was decreased. The rest period between each attempt was 10 minutes. If the loads were not determined after two attempts, a new test session was scheduled 48 hours later. The 8-12RM was recorded as the weight that the patient was able to reach between 8-12 repetitions.
Experimental sessions
The patients underwent three experimental sessions: UF, resistance exercises before concentric failure (BF) and control (C). The order of the sessions was randomized. The sessions were conducted in the morning and the interval between them was at least three days. Prior to experimental sessions, patients were instructed to avoid physical exercise and ingestion of alcohol or caffeine, and to maintain their regular medication use.
In each of the three experimental sessions, patients rested in a supine position for 20 minutes in a quiet temperature-controlled room. After the first ten minutes of rest, baseline BP and heart rate were measured four times, with one minute of interval between measurements, using an ambulatory BP monitor (Dynamapa, Cardios, Brazil), placed on the non-dominant arm. After resting measurements, the equipment was disconnected and the patients began the experimental session.
In the C session, patients remained seated in the resistance exercise room, while in UF session, they performed the concentric exercises until failure, characterized as inability to continue the movement with the load. In the BF session, patients performed resistance exercises before concentric failure, characterized as a reduction in pace. The reduction in pace was determined by one evaluator who subjectively identified the slowed pace and requested that the patient desist. In all experimental sessions, the metronome was used to standardize the pace of muscle action (1 sec concentric /1 sec eccentric). In the BF and UF sessions, the rest interval between exercises was 2 min and before each exercise a warm up set of 10 repetitions with 25% of 8-12RM was performed.
After the interventions, patients returned to the laboratory to put on the ambulatory BP monitor, on the same arm as the pre experimental procedures, in order to assess
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Ambulatory blood pressure variables
Cardiovascular measurements over 24 hours (BP and heart rate), including waking and sleeping periods were calculated. The mean value of every hour was calculated as also the average of all, defining as mean BP 24 hours. The nocturnal BP fall was calculated in absolute terms (mean waking -mean sleeping BP), which was obtained by the mean of the values reported in the period that the patients were awake and sleeping, respectively. The patients were deemed to have experienced a dip if there was a normal nocturnal systolic BP fall of ≥ 10%. The morning surge was calculated as the difference between the mean BP during the last two hours of sleep and that of the first two hours after waking.
Statistical analysis
The Gaussian distribution and the homogeneity of variance of the data were analyzed using the Shapiro-Wilk and Levene tests and one-way ANOVA was used to compare the baseline values (systolic BP, diastolic BP, mean BP and heart rate) among sessions (C, UF and BF). Changes in cardiovascular variables (BP and heart rate) after the interventions were investigated, using two-way ANOVA for repeated measures, establishing sessions (C, UF and BF) and time (pre and post-intervention) as the main factors. Cardiovascular variables obtained from the ambulatory BP monitor (BP, heart rate and rate pressure product during 24 hours, waking, sleeping and the morning BP surge) were compared among the three groups using one-way ANOVA for repeated measures. When necessary, post hoc comparisons were carried out using the Newman-Keuls test. To determine the proportion of patients with or without dips after the interventions, the chisquare and Fisher's exact test were used. For all analyses, p<0.05 was taken to be statistically significant. Data are presented as mean ± standard deviation.
RESULTS
The characteristics of the sample are presented in Table 1 . The patients were in average overweight and had controlled BP. All patients were using antihypertensive medication and the most commonly used drugs were inhibitors of the angiotensin-converting enzyme. Pre-intervention cardiovascular variables were similar for all sessions (p> 0.05). Figure 1 shows the responses of systolic BP, diastolic BP and heart rate before and hour-to-hour after experimental sessions.
No significant differences were observed among the three experimental sessions in cardiovascular variables during the 24 hours after the interventions (p> 0.05). Figure 1 . Systolic blood pressure, diastolic blood pressure and heart rate measured before and after interventions. Control (C: triangles), resistance exercise before concentric failure (BF: squares) and resistance exercise performed until concentric failure (UF: circles). Table 2 shows BP values and separately for 24-hour period, periods of waking and sleep, as well as the nocturnal BP dip and morning surge for the three groups. Table 2 Cardiovascular variables measured after control (C), resistance exercise before concentric failure (BF) and resistance exercise until concentric failure (UF). 154 | MA Correia, AHRA Lima, CG Cardoso-Junior, AJM Rodrigues-da-Silva, JG Oliveira, BR Cavalcante, BCC Souza, EM Macedo-Junior, DC Sobral-Filho, RM Ritti-Dias Systolic and diastolic BP and heart rate were similar for the three experimental sessions over a period of 24 hours, and during periods of wakefulness and sleep. The morning BP surge was greater after the BF session compared to the UF session (p = 0.029). Figure 2 shows the proportion of patients with a dip in BP for each group. The proportion of patients experiencing a dip was higher after the BF session compared to the other sessions (p = 0.047). Figure 3 show the individual responses of nocturnal blood pressure fall and morning surge to experimental sessions corrected by the control session. It is possible to observe that nine patients had greater fall and greater increases in morning surge after BF.
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Variables
The number of steps over the period that the patients were using ambulatory BP monitor was similar for all sessions (C: 7326 ± 930 steps, BF: 8063 ± 1304 steps; UF: 8134 ± 1158 steps, p> 0.05), indicating that the results observed were not influenced by the amount of physical activity performed after the experimental sessions. 
DISCUSSION
The results of the present study indicate (i) that BP and heart rate responses over a 24-hour period and during periods of wakefulness and sleep may be similar after UF, BF and C sessions; and (ii) that UF may reduce the nocturnal dip in BP compared to BF.
Unlike previous studies that observed a prolonged decrease in the BP in hypertensive individuals (Melo et al., 2006; Mota et al., 2009 ), the present study did not find any change in BP after resistance exercise. A number of factors may explain this. The patients' levels of BP prior to the intervention were well controlled and the increase in postexercise hypotension tends to be greater in subjects with higher resting BP (Queiroz, Gagliardi, Forjaz, & Rezk, 2009) . In fact, the mean systolic BP before the experimental sessions ranged from 116 to 120 mmHg and approximately 92% of the patients had BP levels below 140/90 mmHg. Furthermore, studies have shown that post-exercise BP reduction is greater in physically inactive subjects and in subjects that are not practicing resistance exercises (Costa, Gerage, Gonçalves, Pina, & Polito, 2010; Gerage et al., 2007; Moraes et al., 2007) . It is therefore possible that the adaptation period that the patients underwent prior to the experimental sessions may have lessened the post-exercise BP reduction observed in the present study.
Two previous studies found decreases in BP during sleep in normotensive subjects that performed a single session of resistance exercise (Bermudes, Vassallo, Vasquez, & Lima, 2004; Prista et al., 2013) , although this is not a universal finding (De Souza et al., 2013) . Interestingly, although in the present study we did not find any significant changes in BP during sleep, there was a decrease in the number of patients who experienced a dip (defined as a decrease in BP of >10%) after UF compared to BF. This dip in systolic BP has been associated with a reduction in the risk for cardiovascular events (Cornelissen et al., 2011) , suggesting that UF may increase cardiovascular risk in hypertensive patients. The mechanisms responsible for the non-dip response after UF are not clear. It is possible that undertaking resistance exercise until fatigue may generate micro-lesions in the skeletal muscle (Dolezal, Potteiger, Jacobsen, & Benedict, 2000; Medrano, 2010) increasing the levels of inflammatory markers (Medrano, 2010) and thus leading to increases in BP levels. Another explanation is related to sympathetic activation. A previous study found that resistance exercise performed UF reduced cardiac parasympathetic modulation for 24 hours, including during sleep (De Souza et al., 2013) . UF may have also increased sympathetic nerve activity during sleep, thereby curbing nocturnal reductions in BP. These hypotheses require further investigation.
The morning surge has been associated with a higher risk of ischemic and hemorrhagic stroke (Kario et al., 2003) , although the acute effects of resistance exercise on this variable have been poorly described. A previous study identified that UF attenuated BP increases upon waking (De Souza et al., 2013) , although the present study found no changes in the morning surge after a UF session. Moreover, in the present study, the morning surge was more pronounced after the BF session, which may suggest that this session may increase cardiovascular risk in the morning. Nevertheless, it is worth noting that the highest morning surge value observed after a BF session was 42 mmHg, and 85% of the patients did not experience a surge of more than 27 mmHg. A previous study observed that a morning surge of more than 55 mmHg is associated with an increase in cardiovascular risk, but it remains unclear whether the increases observed in this study are clinically significant (Kario et al., 2003) .
The analysis of individual responses corrected by the control session showed that after BF nine patients had greater nocturnal blood pressure fall than UF. The same pattern was observed with the morning surge where nine patients had greater increases after BF compared to UF. This individual variation indicates that the BP responses after resistance exercise may be different between patients, which should be investigated. These data suggest that patients who had greater nocturnal fall also had greater morning surge.
The Brazilian Guidelines on Hypertension (2010) include in their recommendations that hypertensive patients should not perform UF, in order to avoid the pronounced increases in systolic BP that occur during resistance exercise. In support, a previous study found that interruption of resistance exercise at this point can reduce increases in systolic BP during resistance exercise by 25 mmHg compared to UF (Gomides, Nery, Júnior, Tinucci, & Forjaz, 2007) . The present study provides an additional finding that in most of patients BF also brings cardiovascular benefits, since, after this session, patients were more likely to experience a significant dip in nocturnal BP compared to UF and C. Taken together these results indicate that avoiding fatigue during resistance exercise may be a useful way for hypertensive patients to prevent an increase in cardiovascular risk. It should be noted that the duration of each set of exercises in the BF session was determined by an evaluator who identified a change in the pace. A previous study showed that such a procedure has a good inter-rater reliability (Oliveira et al., 2013) . From a practical point of view, therefore, the procedures employed in the present study can be used by clinicians and trainers supervising hypertensive patients during resistance training programs.
CONCLUSION
In conclusion, UF mitigated nocturnal BP decreases at night in selected hypertensive patients suggesting that this type of exercise may increase cardiovascular risk in these 156 | MA Correia, AHRA Lima, CG Cardoso-Junior, AJM Rodrigues-da-Silva, JG Oliveira, BR Cavalcante, BCC Souza, EM Macedo-Junior, DC Sobral-Filho, RM Ritti-Dias patients. In addition, individual analysis showed that patients should respond differently to resistance exercise's types. This finding should be borne in mind when prescribing resistance exercise for hypertensive patients.
